The pink salmon Oncorhynchus gorbuscha was introduced from its native range in the Pacific to 17
developed to detect O. gorbuscha from eDNA samples taken from a Norwegian river system where 25 the species was observed. Water samples were taken at both upstream and downstream locations of 26 the Lysakerelva river during Autumn 2017 (to coincide with spawning) and during late Spring 2018. 27
Autumn samples were positive for O. gorbuscha at both sampling locations, whereas Spring samples 28 showed positive detection of this species in the upstream region of the river, when smolt should have 29 left, or be in the process of leaving the river. These findings reveal that eDNA-based methods can be 30 used detect the presence of O. gorbuscha during their spawning season. This suggests that odd-year 31 populations have the potential to become established in the studied river system. We recommend that 32 eDNA sampling is repeated to determine whether individuals of this odd-year population have 33 survived at sea and return to spawn. Our assay specificity tests indicate that the tools developed in the 34 present study can be used for detection of O. gorbuscha in both Norwegian and other European river 35 systems where presence/absence data is required. We also suggest some modifications to our 36 methodology that may improve upon the detection capabilities of O. gorbuscha using eDNA. to mature for one winter. They return as adults to freshwater in the next autumn to spawn, thus 45 completing the life cycle (Heard 1991) . 46 O. gorbuscha was originally introduced from their native Pacific range to North Western 47
Russia several times since the 1950's, when fry were stocked in several rivers that drain into the 48 White Sea and the Barents Sea (Bakshtansky 1980 Mo et al., 2018) . Therefore, it is 58 these odd-year stocks that are most likely to become established as populations and the next spawning 59 season (which should take place during Autumn of 2019) will be an important time for research 60 scientists to determine the extent of this invasion and its potential ecological effects. 61
Presently, the spawning time of O. gorbuscha in Norway does not appear to overlap with 62 native salmonids (e.g. Atlantic salmon Salmo salar and brown trout S. trutta). However, O. gorbuscha 63 and S. salar have similar preferences for spawning habitats and so there is a risk of competition for 64 optimal spawning sites . While O. gorbuscha juveniles emerge ready to 65 migrate to sea, observations in Norwegian rivers suggest that they spend some time feeding in 66 freshwater (from weeks to months) and during this time there may be interactions between juveniles 67 of native salmonids . However, it is also possible that the eggs and fry of O. 68 gorbuscha can provide a source of food for other native salmonid species (Rasputina et al., 2016) . In 69 order to fully assess the impacts of the presence of O. gorbuscha in Norwegian (and other European) 70 rivers, it is first necessary to determine the spatial, as well as the temporal (e.g. time of spawning and 71 migration) distribution of this species. 72
Environmental DNA (eDNA) is a genetic survey method that relies on the detection of taxa 73 from extracellular and intracellular material that is deposited into the environment. Subsequently, this We hypothesise that eDNA can be used for detection of non-native O. gorbuscha in running water. In 98 addition, should any eradication measures be employed in the future, eDNA methods could be used to 99 determine the efficacy of such efforts (Banks et al., 2015) . 100
This study aimed to address questions relating to the presence and distribution of O. 101 gorbuscha in a Norwegian river, as part of a pilot study employing the non-intrusive and genetic 102 survey method of eDNA collection and analysis. A species-specific probe-based assay was developed 103 for this species and deployed in an urban river system where O. gorbuscha had been previously 104 observed. We also developed this assay with the intention that it can be deployed in other European 105 freshwater or marine ecosystems where this species may currently, or potentially, invade. This is of 106 particular relevance for detection of the species during spawning season of this year (Autumn 2019), 107
where it is unknown if the putative increased mortality of O. gorbuscha at sea (resulting from a 108 mismatch between emigration time and food availability; Armstrong et al., 2018) will result in a less 109 significant invasion. 110
111

MATERIALS AND METHODS 112
Water sampling and eDNA extraction 113
For this study, water samples were collected from the Lysakerelva river in the south-east 114 region of Norway (Table 1 and During September 2017, two water samples were taken below Møllefoss and just above upper 124 high tide close to the mouth of the Lysakerelva river, and two water samples were taken immediately 125 below the Granfoss waterfall (~800 metres upstream from the river mouth; Table 1 and Figure 2 ). 126
These samples were taken to coincide with the spawning season of O. gorbuscha. This sampling was 127 repeated the following May, the time period when it is expected that juvenile O. gorbuscha would be 128 undertaking seaward migration (Table 1) . In June 2018, two water samples were also taken from the 129 estuary ( Figure 2) as it was considered possible that O. gorbuscha may also be found in the coastal 130 area after migrating downriver (Heard 1991 Germany). The 0.45 µm cellulose filters were immediately placed in 2 mL tubes with 1440 µL ATL-139 buffer (Qiagen, Hilden, Germany), whereas the 2.0 µm glassfiber filters were placed in 5 mL tubes 140 with 4050 µL ATL-buffer. All samples were stored at room temperature until further processing in the 141 genetics laboratory. All field equipment (e.g. filtering tubes and collection bottles) was sterilised 142 between collection of each sample using 10% bleach solution for approximately 60 minutes. 143
In the laboratory, 160 µL or 450 µL Proteinase-K (Qiagen) was added to the 2 mL and 5 mL 144 there are very few nucleotide differences between these species for the COI region targeted by our 212 assay ( Supplementary Figure 3) . However, this should not present a major concern for researchers 213 (Table 3) . 221
In Autumn 2017, O. gorbuscha DNA was detected at Granfoss but not at Møllefoss (Table 3 , 222 Scotland (Armstrong et al., 2018,) . In the present study, we were successfully able to detect O. 241 gorbuscha from environmental water samples in Norway during this invasion. Target DNA was 242 amplified from samples taken in both Autumn (during adult spawning) and the following Spring 243 (during the migration of juveniles), indicating that spawning in the focal river system was successful. 244
However, the survival of juvenile O. gorbuscha at sea is poorly understood and it is unknown whether 245 mortality will limit the ability of this species to return to the river and establish self-reproducing 246
populations. 247
The assay developed and validated in this study not only has applications for monitoring 248 presence of O. gorbuscha spatially and temporally in Norwegian rivers, but also in countries where it 249 currently exists outside of its native range, as well as those where it has not been observed but may 250 potentially occur in the future. Further, this assay can be used to monitor O. gorbuscha presence 251 following any future eradication efforts that may be implemented. While the utility of the assay 252 developed in this study is limited to those areas where O. gorbuscha does not overlap with O. keta, 253 this should not be of concern for researchers using this assay to detect O. gorbuscha within its 254 invasive range as O. keta is not currently found outside the North Pacific. The results of our pilot study show that this assay can be used to detect the presence of O. 265 gorbuscha in running water. However, we can make some suggestions to increase the efficacy of our 266 approach for future studies. The lack of detection of O. gorbuscha in water samples taken from the 267 estuary and at the mouth of the Lysakerelva river in early Summer indicated that the juveniles had 268 already migrated to sea. We would recommend an increase in temporal sampling, as data derived 269 from these samples may have been able to reveal the timing of juvenile migration to sea, increasing 270 our knowledge about O. gorbuscha behaviour in Norwegian rivers and indicating the extent of 271 potential interactions with local fauna. 272
We detected a mismatch in the forward primer sequence ( Supplementary Figure 1) , based on 273 the O. gorbuscha consensus sequence generated from publicly available COI records on GenBank. 274
The source of this mismatch is a sequence from an odd-year individual (Accession No. MG951587.1) 275 from the White Sea that was submitted to the NCBI database after the assay was developed and 276 tested. It is therefore possible that this haplotype is found in Norwegian rivers. This mismatch is 277 found on the 5' end of the forward primer, therefore it is unlikely that our assay efficiency was 278 severely compromised in the present study. However, to ensure optimal efficiency in the assay (and 279 particularly to ensure sensitive detection of the low copy numbers frequently found in eDNA 280 samples), we recommend that the forward primer incorporate a degenerate base at this position should 281 the assay be deployed in other studies. Further, we concur with other eDNA researchers (e.g. 282
Goldberg et al., 2016) that concerted efforts are made to minimise any contamination in the field, 283 through the implementation of careful sterilisation and sampling techniques, as well as the use of 284 strict controls (e.g. field blanks, filter blanks) to monitor for exogenous sources of DNA during the 285 entire eDNA sampling and analysis workflow. 286
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